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Field Study to Challenge Biology Students’ 


FRANK P. FILICE 
University of San Francisco 


The biology course in high school has two, 
somew hat antagonistic, objectives. First, there 
is a real obligation to those students who are 
not going to major in college biology. These 
people must be made fit for a scientific age 
where intelligent living requires biological 
knowledge. Here the student must somehow 
be taught to make sound judgments concern- 
ing his personal health as well as to evaluate 
the varied and conflicting statements made 
about his own body through advertising 
media. The use of biological” processes and 
controls in industries like food processing 
make it necessary for anyone in business to 
understand something of the principles that 
govern living things. F inally, today the citizen 
is more and more called upon to understand 
socially important aspects of biology that are 
being written into law, such as eugenics and 
conservation. 

In order to make his way through the tech- 
nological maze of our modern world the in- 
dividual, then, must be given as much infor- 
mation about biological principles as 1s possible 
within the framework of the usual course at 
the educational level we are considering. Be- 
cause this is true, the most efficient method is 
through the use of organized lectures. As such, 
field must be relegated to the role of 
clarifying specific ideas covered in the lec- 
tures. They probably would most effectively 
take the form of trips to food processing 
plants, experimental stations and other areas 
where a single aspect of biology’s impact on 
our lives is exemplified. 

The teaching of biology at this secondary 
level, however, has a second objective of even 
greater importance. It has an obligation to 
those students who are to go on and major 
in one of the biological sciences. The teacher 
must discover those students with the talents 
necessary for success in this work and then 
stimulate them to go on. Now in this context 


work 


Presented at the NABT meeting, American In- 


stitute of Biological Sciences program, Stanford Uni- 
\ugust 25-29, 1957. 


versity, 


the lecture method assumes considerably less 
value. As a matter of fact, the superficial treat- 
ment that is required in the ordinary high 
school is really a waste of time because the 
same ground must be covered again more 
profoundly at the college level. Instead of 
trying to give the student this sort of organ- 
ized information, a much greater service can 
be performed if the biologically inclined stu- 
dent is discovered and then induced to develop 
the powers he may later use in the scientific 
method. In meeting this need, there is no 
technique that can replace the intelligent use 
of field work. 

A true love of nature is the touchstone 
which can_ separate - the potential biologist 
from all other students. To expect someone 
lacking this quality to become a biologist 
would be like asking a tone deaf student to 
become a musician. On the other hand, no 
one is a biologist without this pre- occupation 
with the natural world. After all, the biolo- 
gist’s primary purpose is to study nature in 
the field; those of us who work in the labora- 
tory merely try to isolate a portion of the 
natural world in an area where we can con- 
veniently attack it. 

Anyone who has ever taken a group of un- 
selected students into the field will recognize 
that there are some who spend their time 
worrying about the flies or the dust or whose 
conversation concerns only the cars that they 
see. But there are others who, sometimes to 
their own great surprise, enjoy every minute 
of the trip. They respond to the beauty of the 
landscape and are fascinated by how much 
cin be seen in a wayside ditch. They wonder 
why one side of the hill is dry grassland while 
the other is dense with brush and trees. Usu- 
ally these students have the potential to be- 
come our future biologists. 

As a means of stimulating these future 
biologists to go on in their studies, field work 
has great value. It introduces the student to 
the ultimate reward that every scientist re- 
ceives from his work, that is, the pleasure of 
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240 THE 
discovery. To find out something new by 
answering his own questions with his own 
effort is the type of stimulus needed to carry 
a student as far as his intelligence permits. 
Finally, well constructed field experience 
can give a student the essentials of the scién- 
tific method. He can be t taught to observe, and 
to assemble data from pertinent notes. He can 
learn to make assumptions and verify them by 
experiment or further observation. Further, 
there is a strong tendency to lead a student 
into the literature of science so that he can 
find solutions to some of the problems that 
arise. This is important because very few 
people can read and assimilate the material in 
a scientific paper without considerable train- 
can also be used to correlate 


ing. Field work 
know ledge from many different fields like 
geology, taxonomy, limnology, meteorology. 


Because of these important contributions 
the ideal secondary school course of biology 
should consist largely of field work. Such 
courses have proven very successful. An out- 
standing example of a course of this type is 
found at the Carmel High School in Cali- 
fornia. There the class spends most of its time 
in the field where the student is encouraged 
to ask questions about what he sees. He is 
‘ then helped to work out the answers to those 
questions by means of literature and the ex- 
perimental material needed to adequately 
tackle the problem. 

Unfortunately, however, in 
systems it is impossible to segregate the col- 
lege-potential students from those whose edu- 
cation will stop after high school has been 
completed. Consequently, ‘the more usual high 
school course is a compromise between the 
lecture method, and field experience designed 
to stimulate the student and train him in the 
techniques of science. As a result of this com- 
promise field work usually suffers. For ex- 
ample in some San Francisco High Schools 
no more than two or three field trips are taken 
in a program of 150 teaching days. In such 
circumstances the occasional field trip should 
be closely designed to give maximum benefit. 


most school 


A well designed field excursion should have 
a definite aim such as collecting a certain 
group of animals or to demonstrate an im- 
portant natural principle. The teacher should 
be thoroughly familiar with the area to be 
visited. It should contain the necessary biologi- 
cal phenomena to illustrate the objective he 
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wishes to fulfill, and it should not be too far 
from the school. The class should be prepared 
for the trip. They should recognize the aims 
of the expedition and have av: ailable specimens 
of the more common animals and plants they 
will see. They should make an effort to learn 
the names of these forms so that they can dis- 
cuss them intelligently in the field. ‘It is true 
that this preview of the more common forms 
has very little value to the student since living 
things appear so different in their natural 
habitat than they do preserved in the labora- 
tory. However, it does serve to focus the 
attention of the student and give him some 
known material from which to work. The 
class should be taught also to keep field notes 
and be given general reading about the type 
of biologi ical community they are to observe, 

On the excursion it is the teacher’s job to 
stimulate observation by the students. By ask- 
ing questions one can arouse Curiosity in their 
minds as to the expl: inations of the phenomena 
they observe. It is helpful to parcel out differ- 
ent jobs to various groups of students. Map- 
making, pacing distances, collecting plants or 
animals are activities that serve create 
interest in the student’s mind. !t is not wise to 
crowd too much into a single trip, but rather 
to attend to a few pheno mena and bring out 
some of the hidden facts. The questions that 
arise in the course of the trip should not be 
answered by the teacher if at all possible. In- 
stead he should assign the task of finding the 
answers to various students. They should solve 
the problems by going into the literature or 
by further observation and report later to the 


to 


class. 

A most import: int part of the trip is to bring 
back specimens for study in the class. Since 
living animals are much more interesting than 
dead specimens, this requires available vivaria. 
Lhe specimens are necessary for protré acted 
study of the animals to reveal facts that cannot 


be observed in the course of a short field trip.. 


In brief, the student reviews what he 1s 
going to see in the field before the trip. On 
the excursion his attention is focused on the 
phenomenon’ under study in_ its complex 
natural environment and he makes an attempt 
to analyze the complex picture into its com- 
ponents. Finally through a class report he 
draws together what he has learned through 
observation and re: ading. 


There are, unfortunately, some school sys- 
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tems, especially in large cities, where the red 
tape involved in planning a field trip is so 
cumbersome that biology teachers soon learn 
to do without them. Even in this type of situ- 
ation the student can receive adequate field 
experience. Here the teacher may survey all 
of the convenient natural areas in the vicinity 
of the school and note what biological mate- 
rials or phenomena occur in each. Then 
groups of students can be assigned to visit 
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these areas to collect specimens, to plot vege- 
tation and so on. The report to the class then 
becomes an important part of the method and 
should be met with by questions by the other 
students as well as the teacher. 


Under almost any classroom circumstance 
it is possibe to devise adequate field experience 
for the student with the objective of helping 
discover and train potential biologists. 


Longer Life for Lizards 


ROBERT G. HUDSON 
The Pennsylvania S.P.C.A., Philadelphia 


Within the past several years considerable 
information has been published on the care of 
live animals to aid the biology teacher or new 
pet owner. However, when one consults such 
works many are often found inadequate, usu- 
ally lacking in specific information. Such a 
situation exists concerning the literature on 
maintenance of captive lizards. After collect- 
ing or purchasing healthy specimens one finds 
that er adually their vigor decreases until 
finally the animals succumb. This pattern 
appears consistently even though the lizards 
are eating and seem in health. It is 
little tonsolation to note that such experiences 
were not restricted to the novice for it was a 
story retold many times in the reptile collec- 
tions of zoological parks. Only recently have 


ge 


these institutions, through experimentation 
and the development of new techniques, 


achieved noteworthy longevity records for 
many saurians. The solution to long life ap- 
pears to be threefold; involving a combination 
of temperature, humidity and a variety of diet. 

Optimum tempe ratures for most reptiles are 


‘still unknown but experimentation with heat 


lamps, used for short periods of time, has 
proved them to be of definite value. Such 
lights usually stimulate feeding and increase 
activity, both of which are conducive to long 
life. Some lizards will bask directly under the 
lights and then dig down into the warm sand 
or floor litter at “night when the lights are 
off. 

In order to reduce the amount of moisture 
within the lizard enclosure it has been found 
advisable to introduce only those plants re- 
quiring infrequent watering. A variety of 


cacti in a desert type terrarium is an ideal 
arrangement. The sprinkling of water on the 
glass sides or plants for drinking purposes 
should be infrequent for the food eaten usu- 
ally supplies the necessary moisture require- 
ments. 

The feeding of a particular type of food, 
invariably meal w orms, has been responsible 
for many lizard deaths. It should be recog- 
nized that a variety of insects is essential. If 
insect cultures are not maintained during the 
critical winter months a supplementary mix- 
ture of raw egg, finely ground meat and 
vitamins is often accepted with relish by most 
forms. One’s ingenuity is often rewarded for 
some lizards will thrive on a diet that is com- 
pletely foreign to their natural fare. An out- 
standing e. ample of this has been reported of 
Carolina Anoles (Anolis c. carolinensis) also 
incoriectly called “Chameleons,” feeding upon 
grated carrots, honey with pulverized nuts, 
guava jelly, lettuce cut into slivers, chocolate 

cake icing and cake crumbs, raw meat, com- 

mercial turtle food, softened cereal, milk and 
soaked dog biscuit. Care should be taken not 
to feed excessively for some lizards tend to get 
overw eight with fatal results. 

In the area of amateur research, studies of 
captive lizards offer a fertile field for contri- 
butions on the life-history of these animals. 
The three factors discussed in this account 
still need considerable elaboration. The 
teacher, student and pet owner will find de- 
tailed observations of lizards to be a rewarding 
activity, for one soon reaches the conclusion 
that here is a most interesting reptile. 
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Biology Crossword Puzzle 


T. G. OVERMIRE 
Shortridge High School, Indianapolis, Indiana. 


The day before school is out for the for the teacher! This crossword puzzle is 


Christmas holidays is frequently a long one 


one solution to this problem day. 


2 3 4 s 7 
8 
12 
14 1s 17 
is 
20 ai 
22 24 as 
26 27 28 
29 30 $i 
32 33 
ACROSS 14. Study of insects 
1. Study of plants 18. Opposite of “ain’t” 
6. Sounds like eight 19. You and me 
8. Is part plant, part animal 20. Leave 
10. Where is your biology book? 21. A fungus that attacks corn 
12. Do we get out of school early today? 22. Not out 


wre — 


po 
ach 
pot 


ACI 
24. 
28. 
30. 
32. 
33. 
| DO 
‘| 
| cre: 
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ACROSS (Continued) 

23. A corporal or a sergeant 

24. Cool, man, cool! ! 

26. Aquatic mammals 

28, Abbreviation for corner 

30. Old MacDonald had a farm - - - - . 


32, Number one on the Christmas hit parade 
33. Watch for him this month. 
DOWN 


1. Stored in the gall bladder 
?. A whole vacation without them! 
3, An old-fashioned car 
4. Nicolastus Geiseldephe’s nickname 
5. A bright color (abbreviated ) 
6. One 
\ sharp taste (backwards it is a small fly ) 


A Srupy or ControLt GROUPING 
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9. A slippery guy with a large charge 

11. Good cells for microscopic study (lily 
family ) 

13. A mollusk 

15. Helps you move 

16. How does water get into a root? 

17. Name of the nerve to the eye 

20. What your doctor calls the 
intestinal” tract 

23. An “emergency” 
diet 

25. Mud hen 

27. A mistake (in Morse code) 

29. Not off 

31. The fifteenth and first letters 


“gastro- 


source of iron in the 


Solution to Puzzle on page 245 


A Study of Control Grouping in High School Biology 


EDWIN E. WHEELER, Counselor and THOMAS A. BASS, Teacher of Biology 


Port Neches-Groves High School 
Port Neches, Texas 


The many ramifications inherent in the in- 
creasing enrollment in our high school, as 
well as those over the nation, have prompted 
many school officials to ponder solutions that 
would allow them to seat and properly edu- 
cate this mass of pupils. The present size of 
our school with regard to incoming students 
is sufficient to safely allow us seating space, 
but the intellectual attainment of these stu- 
dents has been a constant source of challenge 
to each of us here. We made this study on 
grouped biology classes as just one phase of 
an increasing awareness of the proper utiliza- 
tion of the abilities of our students. 

Purpose: We will attempt to determine six 
points in this paper with regard to individual 
achievement and _ teaching efficiency. The 
points to be considered are: 

|. the achievement of subject matter mas- 
tery over the year for both groups, 
the achievement difference in subject 
matter mastery for the two controlled 
groups, and if this differential increase 
is statistically sound, 
the benefits, through a greater learning 
situation, to the select group, 

4. the benefits of grouping to the control 
group, 


w 


wr’ 


5. the feasibility of control grouping on 
the basis of an earned grade average, 


6. and finally, justification of the time and 
effort on the part of the teacher and 
administration by an increased learning 
situation. 


Method and Procedure: 


Biology is a more or less required course 
in Port Neches-Groves High School as two 
years of science are required for graduation. 
The two courses normally taken to satisfy 
this requirement are general science, in the 
junior high ninth grade, and biology in the 
tenth grade of senior high. We used the 
earned mark in general science as the criteria 
for inclusion in the “special” biology class. 
There were forty-six students selected for 
grouping. An attempt was made to equate 
the grouping into two classes, but no in- 
flexible plan was adopted. We attempted to 
place an equal number of boys and girls in 
each class. Classes were scheduled so that a 
select and control class met in the morning, 
with the same being true of afternoon classes. 
This gave us a total of two select groups and 
two control groups. 


We selected the Nelson Biology Test to 


| = 


244 THE 


use as the standardized method of tested 
achievement. The four groups were tested 
on their knowledge of biology the first week 
of school and then retested the last week. 
We used the Otis Test of Mental Ability for 
their scholastic aptitude as this test is one 
used on the expectancy chart for the Nelson 
Test. In an effort to keep all inconsistencies 
to a minimum, the counselor conducted all 


testing. 


Results: 

We will attempt to answer the question 
of subject matter achievement first, using the 
calculated 5-score to test the null hy pothesis 
for each of the two groups for the control 
as well as the select group. The mean of the 
select group at the first of the year was 105 
(standard score) and at the end of the vear 
was 120.2. Computation ¢ gave us a t-score of 

7.76 W hich is too great a number to read on 
the table, so for the select group we can re- 
ject the null hypothesis with confidence. The 
possibility of the laws of chance operating in 
the achieved differences of the select group is 
nil. Computing the t-score of the control 
group, we find a tiiean of 93.96 for the first 
test and 103.73 for the second. This gives us 
a t-score of 3.96, or : :pproximately 634 out of 
10.000.000 cases that the laws of chance are 
operative. 

Table I will show the data to be used 
determining the differential achievement of 
the select and control group. We have chosen 
the five centile points of 10th, 25th, 50th, 75th 
and 90th as these should show the distribution 
of the group. The select group is approxi- 
mately 17 standard score points ahead of the 
control group at the 10th, 25th, and 50th cen- 
tile. and then maintains around a 12 score 
point lead at the 75th, and a 9 point lead at 
the 90th centile. The difference is statistically 
sound as a t-score of 6.27 was computed on 
the two groups. This allows us to reject the 
null hypothesis with confidence. 


Table II will give us information for the 
hy pothesis of more achievement for the select 
students when grouped. Careful perusal of 
the data presented will reveal the fact that 
the select group is ahead at all centile points. 
The smallest difference is at the 10th centile, 
being 14 points, and the greatest difference 


is about 17 points at the first quartile. The 
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TABLE I 


Comparison of the Control Groups on the Nelson 


Biology Test at Selected Centile Positions. 

Pro Mdn Q, P,, 

Select 

Group 108.4 112.9 120.0 128.5 135.4 

Control 

Group 87.7 94.2 103.3 116.0 126.0 
II 


Comparison of the Selective Group in Biology and 
the National Standardization Group on the ‘Nelson 


Biology Test. 
Pro \Mdn O, P,, 
PN-G 
Select 108.4 112.9 120.0 128.5 135.4 
National 86.5 95.3 104.0 113.0 121.5 
Taste Ill 


Comparison of the Control Group in Biology and 
the National Standardization Group on the ‘Nelson 


Biology Test. 

P Q. QO Pw 
PN-G 
Control 87.7 94.2 103.3 116.0 126.0 
National 86.5 95.3 104.0 113.0 121.5 
median score of. this group has a standard 


score of 120, which converted to national 
norms is the 88th centile, and the score of the 
select group at the 90th centile is comparable 
to the 99th centile nationally. 

The determination of whether or not the 
grouping was beneficial to the control as well 
as the select group can partially be found in 
Table Il. The 25th and 50th centiles find 
the control group about one score point be- 
hind the national group, but they are ahead 
at the 10th (by one), the 75th (three), and 
over four at the 90th centile. This comparison 
at the upper ten per cent level finds the con- 
trol group achieving between the 94th and 
95th centiles on national norms. The top stu- 
dents in the control group tended to re- 
scramble in vying for the academic leadership 
after the other group was removed from the 
competition. 

We found that teacher’s marks are not nec- 
essarily the best index to use for grouping as 
their ‘subjectivity is too great. In double 
checking scores of other students on the Nel- 
son Biology Test, their achievement test scores 
in the ninth grade, and their intelligence quo- 
tient, we feel that grouping on these three 
indices is superior to the single criteria. 
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The last hypothesis, with reference to time 
spent — by all concerned, indicates that the 
grouping was considered worthwhile by 
teacher, principal, and counselor. We can 
therefore look forward to greater academic 
accomplishments in the years to come. 


Summary and Conclusions: 


The study of grouping has added mate- 
rially to the improvement of our science of- 
ferings and also to the counseling service. 
These select students have utilized the serv- 
ices of their instructor and counselor much 
more than any group of prev ious sophomores. 
The statistical analysis presented in the body 
of this paper seems to be proof of our de- 
sired goals and we feel that no damage was 
done to either group in a social situation. 
There were no feelings of superiority or in- 
feriority expressed by either group, at least 
to the know ledge of the faculty or adminis- 
tration. 


Solution to Puzzle on page 242 
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A four (4) page periodical, published twice 
a month, called “Your Future Occupation,” 
may be obtained from the Randall Publishing 
2970 Mills Avenue, NE, W ashing- 
ton 18, D. C. This publication has as its aim 


the sone iding of accurate, current information 
on job opportunities, 
guidance. 


training, and career 
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Biology at the 
Population Level* 


DONALD E. WOHLSCHLAG 


Department of Biological Sciences, 
Stanford University 


The necessity of emphasizing biological 
studies at the population level on both theo- 
retical and practical grounds is apparent sim- 
ply because both animals and plants exist 
naturally in populations. The need for such 
studies is especially important for an under- 
standing of the effects of exploiting biological 
resources and for predicting sustained maxi- 
mum yields from these resources. 


Before studies on populations can be made 
and the results interpreted, the structure of 
the populations in question must be defined in 
terms of a discrete group of organisms occur- 
ring within definite spacial confines. All bio- 
logical and statistical information pertaining 
to the organisms as individuals and as popula- 
tions must be marshalled for such a definition. 


Once a population is defined its functions 
may be studied in terms of rates of change or 
“dynamics.” To pursue a study of population 
dynamics so that population changes can be 
understood, it is essential that population size, 
rates of increase (birth, growth, recruitment, 
and immigration), and rates of decrease (nat- 
ural mortality, exploitation, and emigration) 
be inv estigated. Some of the simpler biological, 
statistical, and mathematical procedures for 
obtaining this essential information are dis- 
cussed with reference to the construction of 
pertinent mathematical and statistical popula- 
tion models which may be applied to the 
populations under study. 


That the construction and interpretation of 
nrodels be better understood, illustrations are 
given for their application to experimental 
and actual populations. 


(1) The application of mark-and-recap- 
ture techniques for the estimation of popu- 
lation size is shown. 


*Abstract of a paper presented to the National 
Association of Biology Teachers Session at the 
American Institute of Biological Sciences National 
Meetings. August 26, 1957. 
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(2) Results of experimental studies are 
given to indicate the nature of unstable 
populations which tend to fluctuate in regu- 
lar cycles. 

(3) An example of a hypothetical fish 
population with a constant birth (or re- 
cruitment) rate and with constant natural 
mortality and growth rates is examined for 
effects of doubling the rate of exploitation. 
It is shown that the stable population size 
becomes reduced to two-thirds its original 
size, and consists of younger and smaller 
fish, that the catch doubles in the first year 
of the doubled exploitation but eventually 
is only one-third greater in numbers and 
only two-thirds in w eight of the original 
catch, and that three times the fishing effort 
is eventually required to maintain even this 
decreased ‘ield. 
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(4+) Another example is given to illustrate 
the computation of minimum size limits of 
exploited organisms so that maximum Vields 
may be obtained under different rates of 
exploitation; this ex: ample illustrates a simple 
method of combining information on popu- 
lation with information on rates of 
change due to growth and to natural and 
exploitation mortality. 

The universal applicability of these models 
to all kinds of plant and animal population j iS 
emphasized. 

During the past few decades there has been 
a great advance in the mathematical and sta- 
tistical theory of population dynamics al- 
though biologic: il application has been lagging 
by two to three Many more biolo- 
gists with broader backgrounds, in mathemati- 


size 


decades. 


cal fields are needed to “close this gap. 


Disinterest in Biology - An Answer? 


ROBERT BARLOW 
Ewing Junior High School, Trenton, New Jersey 


The archaic insistence that the major por- 
tion of a biology must concern bo- 
tanical and well as 
‘masses of information on vertebrates 
and invertebrates has cost, and will continue 
to cost us, a substantial loss of possible en- 
rollees. 

In what way does the average student ben- 
efit by knowing the members of the Elasmo- 
branchii? Know ledge for the sake of 
ing isa worthy ide: il, but, let’s face it, a course 
in any secondary school subject should be 
composed of material most likely to benefit 
the larger group that choose bio-medical fields 
of work. Despite its limited appeal, taxonomy 
is still the apparent favorite of some teachers. 

The problem arises from the fact that bi- 
today is an elective course in many 
schools. Students are electing not to become 
involved in work of that nature. 

Webster's Dictionary defines 
“the science of living organisms.” In. our 
studious concern with the plant and animal 
worlds, we may neglect the study of the 
human animal and his problems. Some of you 
will say quickly, “Health classes take care of 
that.” My answer—why should they! In the 
study of human physiology and anatomy, 


course 
zoological taxonomy as 
low er 


know- 


ology 


biology as 


chronic and communicable diseases, and medi- 
cal ther: apeutics, vou have possibly the area of 
greatest general Nearly all children 
like to know how they tick. Many, 
many stories of discoveries in medical science 
rank with the best material science fiction has 


interest. 
why or 


produced or equal the best mysteries and sus- 
pense stories literature has produced. 

High school is terminal for 
\ know ledge of 


most students. 
adult 
psychology ‘and physiology, the epidemio! ogy 
of certain important 
modern advances in 


such items as_ basic 


common diseases, and 
medical treatments and 
techniques will be invaluable to these students 
as adults. Material of this kind would do much 
to correct the mass of misinformation as well 
as the lack of information of human physiol- 
ogy and modern medicine prevalent among 
much of the lay populace as well as the stu- 
dents themselves. A biology course containing 
that information would be the only pre-adult 
time that the students would be exposed to it. 

In my health students may be 
exposed to little information on a topic ‘such 
as a disease to any depth beyond a discussion 
of sv mptoms and suggestions as to how to 
avoid the disease. This may be due to several 
factors such as: 1) a course of study that 


experience, 
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ermits no time for digressions, 2) personal 
inadequacies in teacher preparation, such as 
insufficient science background, 3) lack of 
teacher interest. 

The fact that the public sees a clear dis- 
tinction between the content of health and 
biology courses was brought forceably to my 
attention recently. I w rote some fifty major 
companies working in the pharmaceuticals, 
biologicals, and allied fields i inquiring as to the 
materials they had available that might be 
useful to te: achers of general science 1n_ bio- 
logic: ally -oriented units and to teachers of bi- 
ology in their course work. While many wrote 
of such materials, a considerable minority said 
that they had no material suitable for biology 
or similarly oriented units. However, many 
of that group forwarded materials that were 
“suitable for health classes” with a note they 
doubted their suitability for biology courses. 
On examination I found that virtually all of 
the visual aids could be used in any unit re- 
lating to human anatomy, physiology, or 
public health either in gener ral science or in 
biology. If people working in the field have 
difficulty making the distinction between 
health and biology, I am led to wonder how 
much material is not taught by health teachers 
in the feeling that it will be taught in biology 
courses, and how much material is never 
taught by biology or general science teachers. 

What is needed is a closer definition and 
correlation of the areas which health and 
biology are to cover on a giv en topic or area 
of study. There is no reason why health 
courses cannot discuss how to avoid or how 


to care for a certain illness and the biology 
courses discuss the causative agent of said 


disease, the manner in which a disease spreads, 
and the manner in which a disease is con- 
trolled or cured. By such division of labor, 
the student receives a complete overview of 
a section of science. The fault that an over- 
view of this kind is infrequent lies in lack of 
definition of teacher responsibilities. 

In the concern with taxonomy and with its 
animal and plant aspects, the biology teacher 
is often prone to slur over, or possibly omit, 
a section of biology that holds great student 
interest and is readily taught w ith a minimum 
of material; that is, human, animal, and plant 
genetics. The subject is often superficially 


treated in the text. 
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Last year I taught general science to a high 
1.Q. eighth grade class. The prescribed course 
of study was finished several weeks early. To 
fill in the remaining time I asked the students 
to select the areas of science they would like 
to study. Although there was a wide range 
of choices, the largest number specified ge- 
netics as their first choice. My biggest handi- 
cap was lack of suitable printed text or refer- 
ence material for student use. They had to 
rely on lectures and dittoed worksheets and 
charts as the unit developed. Despite that 
problem we were able to develop such con- 
cepts as gene, chromosome, dominance and 
recessiveness, incomplete and irregular domi- 
nance, and sex-linkage. In our final topic of 
study we discussed the mechanism of in- 
heritance (dominant etc.) of specific disease 
conditions as well as specific mental and phy- 
sical traits and abnormalities. After that we 
attempted to predict the outcome (via genetic 
checkerboards) of animal or plant matings. 

do not claim that they are now conversant 
with the field of genetics. I do say that the 
major portion of the group thoroughly en- 
joyed and participated in the studies. The 
best evidence of this is the fact that most 
(about 70%) students selected this unit as 
most interesting and valuable of all those 
studied. 

The study of genetics need not be restricted 
to the highly intelligent groups. To investi- 
gate this thesis, I conducted a similar con- 
currently-run unit with a low intelligence 
group. Much the same material was covered 
but far less rigorously than in the superior 
group. There were more difficulties en- 
countered, primarily those of difficulty in un- 
derstanding complex concepts. This unit re- 
quired more work on my part than did the 
other. Results in student learning and_ in- 
terest were as satisfactory as the results in 
the high I.Q. group. 

I am suggesting that our present biology 
courses often meet neither the needs nor the 
interests of the majority of students. As a re- 
sult we do not reach our potential audience of 
students. My suggested partial remedy, not a 
panacea, is alteration of present courses to 
emphasize more human biology. Such an em- 
phasis or expansion need not conflict with the 
work of the health teachers, indeed should 
supplement it. 
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Breeding Drosophila in Disposable 


Paper Containers 


LLOYD L. ARNOLD II 
Assistant Professor of Natural Science, Loyola University, Chicago, Illinois. 


A container in use showing the medium and the flies 
visible through the cover. The rolled lip or cuff 
which insures this “fly-tight” closure can be 
in the cross-sectioned container above. 


seen 


This is a method by which Drosophila may 
be bred and nurtured in plastic- lined paper 
(such 


containers as cottage cheese and ice- 
cream are packed in) using nothing more 


formidable in the w ay of equipment than a 
two-quart saucepan in which to prepare the 
medium, and dispensing entirely with the 
odious and expensive labor of washing fly 
bottles. 

This technique will have its most immediate 
appeal to the biologist in a small college or 
high school who has hesitated to introduce 
the laboratory study of genetics because of 
the considerable outlay in sterilizing equip- 
ment and glassware w hich would be in use for 
a relativ ely short time each year. In practice, 


The container cover with disc parts removed and 


the transparent film in place over the ring ready 
to be fitted to a container. 


however, this technique has exposed a further 
dimension of easy fruit fly study, the full 
possibilities of which we are only beginning 
to ap preciate. 

When in use the containers are covered by 
a window of clear plastic film which leaves 
the entire exposed surface of the medium 
and the chamber above it open to undistorted 
observation. The flies can, therefore, be ob- 
served oe their lives, either directly 
or with the aid of a dissection microscope, 
without removing phe cover. Embryonic and 
larval forms are as easily studied as the adult 
forms. This makes it possible to undertake, 
almost casually, studies that hitherto involved 
elaborate and expensive procedures. For ex- 
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ample, by the simple expedient of counting 
eggs, we can predict and regulate the popu- 
lation of a culture, and in the same way, we 
can study problems of fertility and fecundity. 
We have found this technique particularly 
useful in studying the aging process in Droso- 
phila since it minimizes the amount of han- 
dling that the flies must sustain in a lifetime 
of being scrutinized. 


The Containers 


We found that the 8 oz. plastic-lined “Ne- 
style”’ container was best suited for our 
purposes. Fly medium seems to retain its 
moisture about as well in these containers as 
it does in conventional ¥, pt. glass bottles and 
they are sufficiently sturdy that they can be 
autoclaved either before or after filling. The 
containers are practically sterile w hen they 
arrive from the manufacturer, however, and 
with our present medium we have dispensed 
with autoclaving entirely. 

These are round containers with slightly 
tapered walls designed to be shipped and 
stored nested one inside the next. They are 
about 45 mm. deep with an inside diameter 
at the top of 82 mm. and at the bottom of 
76 mm. The feature which particularly rec- 
ommends the “Nestyle” container for our 
purposes is the fact that the lip is rolled out- 
wards and down to form a cuff about 3 mm. 
thick and 9 mm. wide around the top of the 
container. This cuff is sufficiently resilient to 
make a firm closure with the cover, even after 
considerable use. We have never lost any flies 
due to loosened covers from containers of 
this type. 

These containers are supplied with a hood 
type cover which consists of a paper board 
ring or hoop about 20 mm. high which fits 
down snugly over the outside of the cuffed 
lip, and two paper board discs which are 
folded into the top edge of the ring and 
cover the mouth of the container. 

As soon as the medium has been poured 
we put on these covers and store the con- 
tainers in the refrigerator. We have found it 
convenient to write or stamp the date on the 
top of this cover. We avoid using medium 
over two weeks old, but we have on occasion 


‘Manufactured by the Sealright Company, Fulton, 
N.Y. 
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used medium well over a month old with 
reasonably satisfactory results. 

When flies are to be introduced, by a pro- 
cedure to be described later, the disc parts of 
the cover are pushed out and discarded; a 
sheet of clear plastic film (“Saran Wrap”)? 
is placed over the container and the ring is 
put back on to hold it in place. After the 
ring is in place the film can still be pulled 
out flat, and when this is done it will be al- 
most completely transparent; there is no dis- 
tortion and practically no reflection. 

When we began using these containers, oc- 
casionally the medium would pull loose from 
the walls of the container and fall out while 
we were shaking out the flies. However, we 
found that this could be easily prevented by 
putting a small gauze anchor in the bottom 
of the container. This anchor consists of a 
strip of one-inch gauze bandage about 3” 
long which is attached across the bottom by 
a drop of “Duco” cement at each end. By 
putting a half turn in this gauze strip, a loose 
loop is thus formed which will not be 
flattened by the hot medium and will hold 
the hardened medium quite firmly. When we 
are through with our cultures, we simply 
incinerate the containers by throwing them 
in the furnace. 


The Medium 


We use a modification of the formula re- 
ported by Carpenter (1950)*, and our for- 
mulary reads as follows: 


Solution A. Solution B. 
ot ee 900 ml. Water .......... 200 ml. 
15 gm. Potassium and 
Brewer's Yeast... 50 gm. Sodium 
100 gm. tartrate ....... 8 gm 
Potassium Calcium 

Phosphate Chloride ..... 0.5 gm. 

(Monobasic) Manganous 

Chloride ..... 0.5 gm. 
Ferrous sulfate .. 0.5 gm. 


1. To 900 ml. of rapidly boiling water 
slowly add the previously mixed dry in- 
gredients of Solution A, and cook for 
10 minutes stirring frequently to avoid 
sticking. 


by the Dow Chemical Co. 

‘Carpenter, J. M.: New synthetic food medium for 
Drosophila. Drosophila Information Service #24: 
96-97, 1950. 


THE 


The 


\ container of flies ready for anesthesia. 


2. Remove from heat and add Solution B. 

3. Allow the medium to cool a few min- 
utes and add 5 ml. Propionic acid. 

4. Pour medium into containers to a depth 

of '4 in. or so (ca 50 cc.); this \ ields 20 

containers per batch of medium. 

Close with regular container 

store in the refrigerator. 


cover, and 


As indicated earlier, we have dispensed with 
‘autoclaving entirely. Our medium is prepared 
in a saucepan over an electric hot plate and 
poured directly into the containers. In the six 
months we have been using this technique not 
culture has been contaminated by 
mold, and the few instances of serious bac- 
terial invasion, have occurred in old cultures 
after the first generation flies had all emerged. 


a single 


Etherizing 


We have found that it is most convenient 
to anesthetize the flies by suffusing their con- 
tainers with ether-laden air before opening 
them. We have developed for this purpose 
a simple anesthesia machine, which consists 
of a polyethy lene catsup bottle to the nozzle 
of which is fitted an hypodermic needle. His- 
torically, it began as a needle with which we 
toured the 10¢ stores looking for a poly- 
ethylene vessel to which it could be fitted. 
Inside the bottle are two or three facial tis- 
sues saturated with ether. The bottle serves 


as a bellows and the needle pierces the 
wall of the container to admit gaseous 


increase the sur- 


The tissues not only 


ether. 
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“ketchup” 
wet with ether and the hypodermic needle fitted to the spout punctures the wall of the container and, when 
the bottle iS squeezed, admits ether-laden air to the container. 
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facial 


bottle at left contains one or two tissues 


face area of the ether and facilitate its evapo- 
ration but they also confine the liquid ether 
to the bellows and thereby prevent the in- 
advertent spraying of the flies. The only crit- 
ical item here is the needle size; needles larger 


than #20 make holes big enough for flies to 


crawl through. The shorter the needle, the 
easier it is to handle. The machine holds 
sufficient ether for dozens of containers and 


in fairly light service need not be filled every 
day, since very little ether esc: apes when the 


machine is not in use. 


The procedure is this: The container is 
held on its side (or upside down) so that the 
anesthetized flies will not fall into the medium. 
It alsc helps to tap the container gently as the 
ether is being introduced, to make doubly sure 
that the anesthetized flies fall away from the 
medium. The wall of the container is then 
pierced with the needle — between 
the medium and the cover and a measure of 
ether-laden air is pumped into a chamber. 
This should be done slowly to prevent blow- 
ing off the cover or damaging the flies. We 
have experimented with putting a separate air 
intake in the bellows, but we found that the 
simplest and most effective procedure is to 
recirculate the air back and forth between 
the bellows and the container by alternately 
squeezing and releasing until the flies are 
immobilized. This gives a greater concentra- 
tion of ether in the chamber and less escapes 
into the general atmosphere. 


Over-etherization can easily be avoided 
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the etherizing is stopped as soon as the great 
of flies have succumbed and in a 
minute or so all of the flies will be im- 
mobilized. The container is then placed face 
down on the table, preferably in a large paper 
plate, and tapped gently to dislodge any flies 
clinging to the sides or the medium; the cover 
(the plastic film and the paper board ring) is 
held down firmly on the table and the body 
of the container is gently removed. If this 
is done carefully, the flies will all be confined 
to the cover. Any flies that remain stuck to 
the wall of the container or to the medium 
can be removed with a camel’s hair brush. 


majority 


New Cultures 


The study of any problem may require 
some special technical modifications or  in- 
novations which are of limited application. 
For our aging studies we have developed sev- 
eral of these, but the routine procedure fol- 
lowed in setting up new stock cultures seems 

be of sufficient general interest to merit 
reporting. 

|. The required number of containers is 
removed from the refrigerator and allowed to 
room temperature. This not only 
recovery time but also reduces the 
number of flies that do not survive anesthesia. 

2. The breeding stock is anesthetized, as 
previously described, and the flies to be used 
in the new culture are selected. 

3. The top is removed from a new con- 
tainer, the medium is sprinkled lightly with 
viable dried yeast, and the container is placed 
face down on the table. (A kitchen-type salt 
shaker makes an excellent dispenser for dried 


reach 
shortens 


veast. ) 

4. The dise parts of the cover are pushed 
out and discarded. 

The ring is placed top down in the cen- 
ter of a paper plate and a square of clear 
plastic film (“Saran Wrap” ca. 6x6”) is placed 
over it. 

6. The previously selected flies for the new 
culture are placed in the center of the film 
and the body of the container is pressed down 
over the flies and into the ring. 

The date and other pertinent data is en- 
tered on the bottom of the container. 

The container is left face down or on 
its side until the flies have recovered suf- 
ficiently to avoid getting stuck in the medium, 
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and a dozen or so holes are punched in the 
film with a sharp needle to assure adequate 
ventilation. 

When the flies have recovered, the con- 
tainers are placed in trays which are made by 
cutting: the tops off pasteboard cartons of 
convenient size so as to leave a shallow box 
formed from the sides and bottom, and about 
%4’”” deeper than the height of the container. 
These trays are then stacked irregularly so as 
to assure adequate ventilation and are placed 
on shelves to conserve space. 


Summary 


This paper describes a simpler method of 
dealing with fruitflies, including their breed- 
ing, observation and anesthetization, by the 
use of plastic-lined paper containers. The 
main advantages of the technic are a) that 
they are more economical than glass bottles, 
b) are disposable, and c) require no steriliz- 
ing equipment. A further great advantage is 
that the larvae and flies are open to undis- 
torted observation at all times, either by the 
naked eye or through a dissection microscope. 


Herepiry AND Your Lire, A. M. Winchester, 333 
pp-, $5.00, Vantage Press, Inc., New York 1, 
New York, 1956. 

This timely, informative book gives the reader 
authoritative background on tomorrow’s news 
in the field of genetics. It is shown how ancient 
beliefs concerning heredity are related to su- 
perstitions of today. This well-known expert 
on genetics then brings out the vital features of 
current knowledge of this field and tells how 
it may be applied. The emphasis placed upon 
the genes as units of heredity are discussed i 
the light of disease resistance, intellectual ca- 
pacity, pedigrees, marriage, parentage, sex and 
the effects of radiation and the atomic age. 

(See ad on page 236) 


A Textsook or ENtomotocy, Herbert H. Ross, 
519 pp., $7.75, John Wiley and Sons, Inc., New 
York 16, N. Y., 1956. 

This book provides a broad suvey of the basic 
fields of entomology—including morphology, 
physiology, taxonomy, and ecology. The book is 
amply illustrated and contains new keys to the 
ordes of insects. 
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EMERY L. WILL, Head Science Department 
State University Teachers College, Oneonta, N. Y. 


Following are descriptions of some new 


classroom films in the biological sciences, 
which were selected for showing at the 


NABT meetings in Indianapolis on December 


27-28. This year, most selections were made 
for consideration at the junior-senior high 


school and college levels. In our opinion, all 
of them rate very high among the films pro- 
duced during this past * vear, and each one has 
some particular merit. By the way, when you 
run across audio-visual materials that really 
suit your needs, why not write an approving 
note to the producers, so they will know how 
you react to their products? Wed like to 
know too. 

The Ladybird Story. 11 min., sd., color, 
upper elementary and junior high. How the 
Vedalia ladybird bettle was selected to con- 
trol the cottony-cushion scale, which had been 
ruining California citrus groves. Particularly 
valuable in recounting scientific procedures in 
the biological control of insect pests; stimu- 
lates objective thinking in problem solving. 
Pat Dowling Pictures, 1056 S. Robertson Blvd.. 
Los Angeles 35, Calif. 

How Living Things Change. 11 min., 
color, junior- senior high. Evidences of grad- 
ual change in plant and animal forms through 
millions of years, accompanied by the most 
noteworthy explanations advanced for the 
changes. Lamarck’s theory of acquired char- 
acteristics, Darwin’s idea of natural selection, 
and DeVries’ observations on mutations are 
illustrated and analyzed simply and effectively. 


sd., 


audiences. The first complete record of any 
penguin on film, this is a remarkable scientific 
document, making excellent use of dramatic 
life episodes and amusing charm of its pen- 
guin subjects. In addition to its providing a 
fine study of animal behavior, the film intro- 
duces the many environmental factors en- 
countered in the Antarctic habitat. This life 
history film sets a new standard for excellence. 


Produced by the New York Zoological So- 

ciety; distributed by McGraw-Hill Book 

C ye Text-Film Division, 330 West 42nd 
. New York N. Y. 


A Piece of Wood. 15 min., sd., color, jun 
ior-senior high and general audiences. An ab- 
sorbing, instructive account of the scientific 
research conducted at the USDA Forest Serv- 
ice’s Forest Products Laboratory at Madison. 
Wisconsin. ‘Through basic research on wood, 
it becomes possible to develop new and better 
uses of forest products. New sources of pulp, 
better drying improved preserva- 
tives, use of waste products from sawmills, 
and the development of powerful laminated 
arches are among the topics so well treated in 


methe rds, 


this film. Motion Picture Service, U. S. De- 
partment of Agriculture, Washington 25, 
D.C. 

Protozoa. 11 min., sd., color, senior high 


and college. Featuring unusually fine scenes 
movement, feeding and reproduction, this 
is an excellent classroom study of the pro- 
tozoa. In covering the pscudopods, flagellates 
and ciliates, the film includes illustrations of 


of 


65 : 
Coronet —_ Films, 65 E. So. Water colonialism, symbiosis and parasitism. It is a 
St., Chicago 1, Ill. well organized, challenging oeagrrey En- 
Adelie Penguins of the Antarctic. 20 min., cy clopaedia Britannica Films, Inc., 1125 Cen- 
sd., color, senior high, college and general tral Ave., Wilmette, III. 
252 


Advan 


Will 


Ant H 


Appre 


A- N 
Nov 


Beginn 
215. 
Biolog 

schla 
Biolog 
242-: 
Biolog 
Mar 
Breedi 
Lloy 


Cancel 
Carcin 
nett, 
Colchi 
Conte 
Conse? 
116. 


Desira 
Tea 
Dialog 
Whe 
Disinte 


Dec. 


Easily 
Large 
Jan. 

Eighth 
Unit 

Eradic 
Mar 

Establi 
Irvit 

Experi 


Bota 


Field 
Filic 
Film 
Vin 
Mar 
Foliag 
Luth 
For 
208-2 


C 


| 


Vol. 19, No. 8 


Index for Volume 19 


Compiled by John D. Woolever 
Sarasota High School, Sarasota, Florida 


By Subject 


A 
Advanced Biology Course in High School, An, 
William Kastrinos, Oct. 186. 
Ant Houses, Thomas P. Bennett, Oct. 177. 
Apprenticeship Program in Biology, An, Kenneth 
FE. Hutton, March 82. 
A-V News, Emery L. Will, Feb. 55-57, April 121-122, 
Nov. 221-223, Dec. 252. 
B 
Beginning a Herbarium, Thomas P. Bennett, Nov. 
215. 
Biology at the Population Level, Donald E. Wohl- 
schlag, Dec. 245-246. 
Biology Crossword Puzzle, T. 
242-243. 
Biology in the News, Bro. H. Charles, FSC., Feb. 52, 
March 85-86, May 151. 
Breeding Drosophila in Disposable Paper Containers, 
Llovd L. Arnold II, Dec. 248-251. 
Cancer Starvation, F-ditors, January 18. 
Carcinogenesis and Tumor Growth, Thomas P. Ben- 
nett, March 79-80. 
Colchicine Polyploids, E-ditor, Oct. 187. 
Conference on Undergraduate Curricula in the Bio- 
logical Sciences, Richard FE. Paulson, March 86-87. 
Conservation Education Directors Meet, Editor, April 
116. 


G. Overmire, Dec. 


D 
Desirable Content in Conservation or Resource-Use 
Teaching, Gilbert Banner, Jan. 7-9. 
Dialogue on the Neuro-Muscular Mechanism, Joy 
Wheaton, April 113-116. 
Disinterest in Biology—An Answer?, Robert Barlow, 
Dec. 246-247. 


Easily Controlled Staining of Nerve Tissue for 
Large Laboratory Classes, J. Eugene Mielcarek, 
Jan. 13-15. 


Eighth Grade Students Use Plastics as Aid in Science 
Units, Harold Hainfeld, Feb. 45-46. 

Eradicate Rhus Radicans, Robert A. Bullington, 
March 71-74. 

Establishing a Plant and Wildlife Area in a City, 
Irving C. Keene, Feb. 43-45. 

Experimental Approach in Teaching Elementary 
Botany, An, John F. Davidson, May 148-151. 

F 

Field Study to Challenge Biology Students, Frank P. 
Filice, Dec. 239-241. 

Film Impression Method for the Observation of 
Uinute Features of Wood Anatomy, H. O. Beals, 
March 83-84. 

Foliage as an Indicator of Soil Deficiency, A Practical 
Laboratory Experiment with Teaching Value, 
Luther S. West and James M. Kane, Feb. 46-50. 

For Science Students Only, Fernandus Payne, Nov. 
208-212. 
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I 
| Am Prejudiced, Phyllis B. Busch, Jan. 10-11. 


L 
Laboratory Experience Units in Biology, B. John 
Syrocki, Oct. 178-185. 
Learning from the Out-of-Doors, James R. Dawson, 
April 107-110. 
Letter from Australia, International Relations Com- 
mittee, Jan. 21-22. 
Longer Life for Lizards, Robert G. Hudson, Dec. 241. 
M 
Making Successful Radioautographs, Theodore W. 
Munch, Nov. 212-215. 
Metamorphosis of a Scientist, Robert D. MacCurdy, 
Jan. 19-20. 

Mid-West Institute for High School Biology 
Teachers, Richard R. Armacost, Nov. 216-217. 
Monstera in Bloom, Reverend A. M. Keefe, Jan. 10. 
Mt. Lemmon—A Case History of a Field Trip, Lor- 

enzo Lisonbee, Oct. 174-176. 
N 
NABT Officers for 1957, Editor, Feb. 35. 
Nominations for 1958 Officers, Editors, Oct. 171-173. 
Number of Seeds Produced by Certain Plants, The, 
G. Neville Jones, Jan. 21. 
O 
Observing Plant Roots, William Lopushinsky, Jan. 
15-16. 
Organizing a Nature Study Course, Lavaniel L. Hen- 
derson, Jan. 17-18. 
Ouch!, Robert A. Hodge, Feb. 42, 54. 


P 
Parasitic Worms in High School Biology, The, 
Charles A. Bryan, May 145-147. 
Pluck in Laboratory, The, Donald Lamore, Feb. 50-52. 
Progress Report NABT Conferences on Biology 
Teaching, G. W. Jeffers, Feb. 39-42. 
R 
Reading and Science Instruction, Kenneth B. M. 
Crooks, May 135-143. 
Regional Consultants on Science and Mathematics 
Teaching, A.A.AS.—S.T.LP. Editors, March 84-85. 
Report on Meeting of the Cooperative Committee on 
the Teaching of Science and Mathematics, Bro. G. 
Nicholas, F.S.C., Feb. 53-54. 
Research by the High School Student, Helen Field 
Watson, May 144-145. 
Scorpions for Laboratory Study, Herbert L. Stahnke, 
March 75-79. Correction May 156. 
Snyder to Talk in lowa, Editor, April 122. 
Study of Control Grouping in High School Biology, 
Edwin Wheeler and Thomas A. Bass, Dec. 243-245. 
Study of the Factors Affecting the High School 
Student’s Choice Regarding a Science Career, 
Maurice Finkel, April 118-120, 122. 
Summer Institute at Indiana University, 
Feb. 57. 
Summer Institute in Biology at Purdue University, 
Editors, January 22-23. 


Editor, 


T 
Teaching About Predatory Birds, Richard F. Trump, 
May 152-155. 
Teaching Aids Can Be Personal and Inexpensive, 
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Samuel N. Postlethwait and Forest Stearns, Nov. 
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Toward a Better Understanding of Animal Life, Paul 
L. Errington, April 103-106. 

Toward Improvement of Advanced Undergraduate 
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Trade Journals as Resources for Biology Teaching, 
Charles E. Packard, April 111-113. 

Turtle Heart Beats Five Days After Death, Albert 
Johnson, James Clinton, Rollin Stevens, Oct. 
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Use of a Botanical Classification in a High School 
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Use of the Microprojector to Make Photographs of 
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Viruses, Editor, Jan. 9. 
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Packard, Charles E., Trade Journals as Resources for 
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Riddle, Oscar, Why Learning?, April 106-107. 


Stahnke, Herbert L., Scorpions for Laboratory Study, 
March 75-79, Correction May 156. 

Stevens, Rollin, Albert Johnson and James Clinton, 
Turtle Heart Beats Five Days After Death, Oct. 
176-177. 

Syrocki, B. John, Laboratory Experience Units in 
‘Biology, Oct. 178-185. 

Trump, Richard F., Teaching About Predatory Birds, 
May 152-155. 

Watson, Helen Field, Research by the High School 
Student, May 144-145. 

West, Luther S. and James M. Kane, Foliage as an 
Indicator of Soil Deficiency, a Practical Labora- 
tory Experiment with Teaching Value, Feb. 46-50. 

Wheaton, Joy, Dialogue on the Neuro-Muscular 
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Wohlschlag, Donald F., 
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BOOK REVIEWS 
Anatomy of the Migratory Locust, The, F. O. Al- 
bricht, March 8&8. 


Anthropology, J. Manchip White, March 88. 

Atomic Energy Research at Harwell, K.E.B. Jay, 
March 87. 

Atomic Power, 
March 87. 

Atoms and Energy, H.S.W. Massey, March 88. 

Automatic Control, Editors of Scientific American, 
March 87. 

Back of History, William Howells, March 88. 

Biochemical Individuality, Roger J. Williams, May 
157. 

Biology of Spiders, The, Theodore H. Savory, March 
88. 

Biology of the Laboratory Mouse, R. B. Jackson 
Memorial Laboratory, Jan. 23. 

Birds and Butterfly Mysteries, 
Jan. 27. 

Classics of Biology, August Pi Suner, Jan. 23. 
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Classification of Lower Organisms, The, Herbert F. 
Copland, Jan. 23. 

Climates in Miniature, T. Bedford Franklin, Oct. 187. 

Complete Book of Greenhouse Gardening, H. T. 
Northen, Nov. 224. 

Crop Protection, G. J. Rose, May 157. 

Descent of Pierre Saint-Martin, Norbert Casteret, 
Nov. 223. 

Dictionary of Anthropology, Charles Winick, May 
155. 

Evolution: The Ages and Tomorrow, G. Murray 
Mckinley, May 157, Oct. 186. 

Facts of Life, The, George Allen, Jan. 27. 

First Australians, The, Ronald and Catherine Bernt, 
May 157. 

First Book of Animals, Editors of Scientific American, 
March 87. 

Health in the Elementary School, Herbert Walker, 


Nov. 224. 
Health and Fitness, Florence Meredith, Third Edi- 
tion, Nov. 224. 


Heredity and Your Life, A. M. Winchester, Dec. 251. 

Hypnotic Suggestion, S. J. Van Pelt, May 157, Oct. 
186. 

Introduction to Biological Science, 
Young and others, Nov. 224. 

Introduction to the Study of Insects, D. J. Borror, 
Nov. 224. 

Introduction to Parasitology, A. C. Chandler, Jan. 27. 

Van, His Life, His Education, His Happiness, A. da 
Silva Mello, Nov. 223. 

Vicrophysical World, The, William Wilson, Oct. 
187. 

New Astronomy, The, Editors of Scientific Ameri- 
can, March 87. 

On the Nature of Man, Dagobert D. Runes, May 155. 

Origins and Prehistory of Language, The, P. W. 
Bridgman, Feb. 57. 

Our Wildlife Legacy, Durword L. Allen, April 110. 

Perceptualistic Theory of Knowledge, Peter Fireman, 
May 155. 

Perspectives in Biology and Medicine. Nov. 223. 

Physics and Chemistry of Life, The, Editors of Scien- 
tific American, March 87. 

Plant Classification, Lyman Benson, Nov. 224. 

Prevalence of People, The, Marston Bates, March 88. 

Principles of Embryology, C. H. Waddington, Jan. 23. 

Principles of Heredity, L. H. Snyder, Fifth Edition, 
Nov. 223. 

Psychology-General, Industrial, Social, John Menro 
Fraser, M.A., May 155. 

Risk_and Gambling, John Cohen and others, Nov. 224. 

Science and Modern Life, Sir E. John Russell, Jan. 23. 

Science Teaching in the Secondary School, John S. 
Richardson, Nov. 224. 

Short History of Medicine, E. Ackerknecht, Jan. 27. 

Taboo, Franz Steiner, March 88. 

Textbook of Entomology, Herbert H. Ross, Dec. 
251. 

Unesco Source Book for Science Teaching, Unesco 
Drukkery, Nov. 223. 

World of Bees, The, Gilbert Nixon, May 155, 
Oct. 186. 

World of the Dinosaurs, David H. Dunkle, Nov. 223. 

You and Your Senses, Leo Schneider, Jan. 23. 
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Despite its low cost, UNITRON Model MUS offers 
features lacking even in much more costly models 
usually offered for student use. For example, both 


fine and coarse focusing are provided — not 
| merely a single focusing control; an iris diaphragm 
| to regulate aperture for highest resolution — not 


merely a disk diaphragm; and a condenser system 
for optimum illumination. 


The optical performance of Model MUS at each 
of its magnifications is equivalent to that of expen- 
sive research models. All mechanical parts are 
machined to close tolerances and the stand is 
beautifully finished in black and chrome. Model 
MUS comes complete with triple revolving nose- 
piece and three objectives: 5X, 10X, 40X; choice 
of two eyepieces from: 5X, 10X, 15X; coarse 
focusing (accessory safety stop available); con- 
denser with iris diaphragm; inclinable stand; plano- 
concave mirror; wooden cabinet and dustcover. 
Mechanical stage available at extra cost. 


only ‘74 


UNITRON STUDENT MICROSCOPE, MUS 


U NI TRO N student microscopes offe: une 


Heavy 

rock and pi 

‘ rests, mirror 

The UNITRON Student Auto-illumination Micro. plate, lor: 

scope, Model MSA, employs a newly designed plate, Ste 

stand in which all components and controls are ADS: for 1 
within easy reach. The inclined eyepiece tube 

allows comfortable posture and may be turned in 
any optional observing direction to permit two ADSA: for 


students sitting side by side to share a single 
instrument. With the built-in illuminating system of 
the superior low-voltage type, each student js 
assured of the correct lighting. The transformer js 
conveniently housed in the microscope base itself Gee 
where it contributes to the stability of the stand = : 
rather than to the clutter of the laboratory table, 

Model MSA comes complete with triple revolving 
nosepiece and three objectives: 4X, 10X, 40x; 
three eyepieces: 5X, 10X, 15X; coarse focusing 
with safety stop; fine focusing; condenser and iris 
diaphragm; filter holder and filter; accessory sub- 
stage mirror; wooden cabinet and _ dustcover, 
Mechanical stage available at extra cost. 
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UNITRON DISSECTING ADS 


Heavy base, micrometric 
rack and pinion focusing, arm 
rests, mirror and background 
plate, large glass stage 
plate, Steinheil magnifiers. 


ADS: for 10X, 20X 
$3250 
ADSA: for 5X, 10X, 20X 


$3650 
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UNITRON LABORATORY 


Uses the same _ large, 
heavy stand as our re- 
search models. Three ob- 
jectives: 4X, 10X, 40X; three 
eyepieces: 5X, 10X, 15X. 
Cocrse and fine focusing. 
Condenser and iris dia- 
phragm. Filter holder and 
filter. Mechanical stage 
available. 


@ valuable addition to your files. 


MLEB 


THIS COMPLETE CATALOG ON UNITRON 
MICROSCOPES IS YOURS FOR THE ASKINGi 
Gives complete information on the UNITRON Models 


described above as well as on many others for all types 
of microscopy. You will find this informative publication 


3-D dissecting model. 
Diopter and interpupillary 
adjustments. Removable 
glass stage plate. One set 
of eyepieces for 10X, 20X 
or 30X included; others 
available at extra cost. 


Model MSL..... 
(f.0.b. Boston) 


QUANTITY DISCOUNTS 
AVAILABLE ON ALL MODELS 


Prices include wooden cabinet, plastic dustcover, and 
free delivery to your school unless otherwise noted. 


A wide field, binocular, 


UNITRON PHASE MPEA 


The first student phase 
model ever to be offered. 
Observe protozoa, plankton, 
etc. in the living state without 
chemical staining. Objec- 
tives: 4X, P1OX, P40X. Eye- 
pieces: 8X, 15X. Con- 
denser and phase dia- 
phragm. Write for a reprint 
of Professor Corrington's 
article on this remarkable 
instrument. 


UNITRON PHOTOMICROGRAPHY SET 


Duplicates the perform- 
ance of costly apparatus. 
Fits any standard micro- 
scope. Mounting brackets 
adjust for your camera. 
Viewing telescope allows 
focusing and selection of 
field while the camera is 
in position. 


Model ACA.. SOQIS 


ACCEPT A FREE 10 DAY TRIAL 


We invite you to try any UNITRON Microscope in your 
own classroom for 10 days at absolutely no cost or 
obligation. Let our instruments prove their value and 
quality to you, before you decide to purchase. You will 
see for yourself why UNITRON is the choice of America's 
leading universities, schools, and industrial laboratories. 


UNITRON 


INSTRUMENT DIVISION OF 
UNITED SCIENTIFIC CO. 


204-206 Milk Street * Boston 9, Mass. 


Please send me your complete catalog on 
UNITRON Microscopes. 


State 
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ynexcelled quality at budget prices 
MPEA.......... 
(f.0.b. Boston) 
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for your classes 


BIOLOGY — Kroeber, Wolff, and Weaver 


BIOLOGY 


Perfectly suited to the high school classroom — 
BIOLOGY combines sound, sure instruction with a 
lively, stimulating presentation. Check the book for 
yourself and notice the interesting, up-to-date ma- 
terial; read a little of the easy, informal prose; look 
over the engaging, colorful format with its many 
interesting’ and informative illustrations. You'll find 
this is the kind of text that makes for enjoyable 
teaching —the kind of text that makes for en- 
thusiastic classes. 


A Teacher’s Manual, Laboratory Manual, and Com- 
prehensive Tests and Keys are available. 


for your library 


BIOLOGY —reuis 8. 
PLANT CLASSIFICATION — senson 


For the school library or for your own personal use—two 
superior college texts which are excellent reference works. 


Home Office: Boston 16 Sales Offices: Englewood, N. J. Chicago 16 San Francisco 5 


Atlanta 3 Dallas 1 


For further information, write to the Heath office nearest you. 
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Bio-Buy- lines 


CONNECTICUT VALLEY BIOLOGICAL 
SUPPLY CO. 
QUALITY MATERIALS—LIVING & PRESERVED 
89 Kent Road Springfield 9, Mass. 


EDUCATIONAL WOOD COLLECTIONS — 18 
specimen wood collections which clearly show 
the heartwood and growth rings. Excellent for 
teaching wood identification. Booklet describing 
woods included. $1.00 postpaid. Ryzelite Prod- 
ucts, Box 569, Boulder, Colorado. 


BIOLOGICAL SUPPLY CATALOG AND Book 
List free. Chameleon 85¢. Hamsters $2.75 pair, 
$4.75 trio. 200 Mealworms $1.25. Nylon Insect 
Net $4.50. 500 Insect Pins $2.50. Quivira 
Specialties Co., Topeka 59, Kansas. 


OWLING PicTURES 


COLOR FILMS OF 
SPECIAL INTEREST 
FOR ELEMENTARY SCIENCE 
TEACHING 
NEW 1957 RELEASES: 
The Ladybird Story" "Toads" 


OTHER POPULAR RELEASES: 


“Animal Life at Low Tide" 
"Aquarium Wonderland" 
Microscopic Wonders in Water’ 


"Earthworms' 


, Study Guides and prices, write te 


1056 S. Robertson Blvd. 
Los Angeles 35, Calif. 


Does your textbook publisher, labora- 
tory supplier, and equipment dealer ad- 
vertise in your journal, THe AMERICAN 
Biotocy Tracner? If not send the name 
and address to your managing editor, 


Murtet BeuscHLEIN, 


Chicago Teachers College, 
Chicago 21, Illinois 


To Serve 
The Busy Biologist 
The Cooperative Advertiser 


Recognizing the pressure of your duties and 
knowing your interests in the products our adver- 
tisers have to offer in the field of biology, you 
need only put checks on the squares below, sign 
the coupon and mail it to Muriel Beuschlein, 
Managing Editor, 6431 S. Richmond St., Chicago 
29, Illinois. 


December 1957 
brochure SB124, 56 


catalog 


American Optical 
Carolina Biological 
Clay-Adams 


0 Denoyer-Geppert 


information 
circular #53 


Difco Laboratories literature 


General Biological catalog #59 


[) General Biological check list 


Graf-Apsco catalog 


D.C. Heath literature 


Kewaunee Mfg. Co. planning manual 


New York Scientific literature 


Nystrom and Co. literature 


sample copy 


Science Digest 


] Steck Company literature 
Testa Mfg. Co. literature 
Triarch Products catalog 
United Scientific catalog 


booklet #48 


Vantage Press 


Visual Sciences literature 
Ward’s Natural Science catalog 
Welch Scientific circular 


ls your regular supplier listed above? 
If not, send us the name and address. 


(Please print) 


School Address___ 
City 


State__ 
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KEWAUNEE MFG. CO. 


: 


Give You TWO Labs in ONE 


This Kewaunee-designed Biological Science Lab 
handles 30 students with ease — all facing the 
instructor — and includes isolated Reading and 
Growing Areas. The dark room is located in an 
adjacent area and the preparation and storage 
room is adequately furnished to serve both Biol- 
ogy and General Science classes. 

Key feature in this efficient design is Kewau- 
nee’s space-saving Munch Biology Table. De- 
signed primarily for use at the secondary and 
junior college level, this two-student table is 60” 
long, 22” wide and 30” high. It has mar-resistant 


REPRESENTATIVES IN 


5129 S. Center Street 
Adrian, Michigan 


Greenweld tops which adjust from 0° to 30° for 
sketching or study; removable stainless steel 
dissecting pan; two roomy book compartments. 
It’s always wise to consult Kewaunee about 
science classroom design or furniture. An 
experienced planning and engineering staff is at 
your service—without charge. And with Kewau- 
nee Equipment, you’re always sure of efficient 
design, highest quality construction and lowest 
cost per year of service. 
FREE PLANNING MANUALS—Write today for 48-page 
Planning Manual, 44-page Educational Equipment Catalog 


PRINCIPAL CITIES 


TECHNICAL 
FURNITURE, INC. 
Statesville, N.C. 


V 


This Kewaunee Design and Equipment 
bee 
| a | 
| 
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WE PAY GOOD PRICES 
FOR YOUR OLD JOURNALS! 


We can use: 
BIOLOGICAL ABSTRACTS, esp. 1950- 
1956 


JOURNAL OF BIOLOGICAL CHEM- 
ISTRY, ARCHIVES OF BIOCHEMIS- 
TRY and other periodicals. 


Rush offers to: 


MAPLETON HOUSE 
5412 16th Ave., Brooklyn 4, N. Y. 


(Tel. ULster 1-7150) 


TESTA WIDE FIELD MICROSCOPE 


A Sturdy, Standard-sized, American-made 
Microscope with WIDE FIELD and 15x, 45x, 
75x MAGNIFICATION for Live Nature and 
Whole Specimen Study in our outdoors. 


Unusual versatility in use is one of its out- 
standing features. In addition to normal posi- 
tion for desk work, arm or tube may be in- 
clined or reversed to operate in any direction 
of a 360° circle. Tube remov- 
able for field trips. 

Price of Model A, illustrated, 
is $54.85. This includes not 
one but all three magnifica- 
tions, 15x, 45x and 75x, coarse 
and fine focusing. Achroma- 
tic objectives. Send for Bul- 
letin A-145. 


If interested in our complete 
line of quality school 
microscopes at low 
cost, send for bulle- 
tin M-81. 

Please address Dept. 
ABT. 


TESTA MANUFACTURING CO. 
10122 E. Rush St., El Monte, Calif. 


The Most Useful Catalog Ever Offered to the High School 
Science Teacher! 


WARD’S NEW NATURAL SCIENCE CATALOG NO. 578 


208 large pages of up-to-the-minute teaching aids and laboratory equipment 
Both Biological and Geological Materials in One Catalog! 


Every item listed in this catalog is de- 
signed for the use of teachers in the 
natural sciences. These are specialized 
products for efficient teaching aid, not 
generalized items that teachers are ex- 
pected to adapt to their use! 


THIS CATALOG OFFERS YOU: 


The finest preserved specimens for dissection 

Plastic-embedded teaching preparations 

Prepared insect collections! 

The finest mounted human and animal 

skeletons 

® Microscope slides, subjects chosen to be 
useful to teachers 

® Anatomical and zoological models of 
unparalleled accuracy 

® Teaching collections of accurately identified 

rocks, minerals and fossils 


© General selection of certified geological 
specimens 

® Color slides for biology and geology 

@ Field and laboratory equipment for biology 
and geology, all items of proven 
usefulness 

®@ Complete, cross-referenced index for quick, 
convenient finding of wanted items 


Seldom has any catalog contained such 
an informative listing of truly valuable 
items for the natural science teacher. 
Because of the high cost of printing this 
large catalog, the edition is limited. 
Write now on your official school letter- 
head for your free teacher's copy of 
catalog 578. 


WARD'S NATURAL SCIENCE ESTABLISHMENT, INC. Dept. AB 


P. O. Box 24, Beechwood Station 


Rochester 9, New York 
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SCIENCE FILMSTRIPS 


BIOLOGY CHEMISTRY 
PHYSICS MICROBIOLOGY 
ATOMIC ENERGY 
ATOMIC CONCEPT 
HOW TO STUDY 
GENERAL SCIENCE 
FIGURE DRAWING 
LABORATORY SAFETY 
HEALTH AND SAFETY (Campers) 
SAFETY IN AN ATOMIC ATTACK 
SCHOOL BUS SAFETY 
BICYCLE SAFETY 
WATER CONSERVATION 


Ask for free folder and information about the new 


SCIENCE STRIPS in color for Elementary classes. . 


Made by Teachers for Teachers 
Since 1931 


* 


VISUAL SCIENCES 


Box 599-B SUFFERN, N. Y. 


@ WE PROVIDE A CULTURE SERVICE BASED 
ON HIGH STANDARDS OF QUALITY AND 
DEPENDABILITY. Our rich and clean cultures 


are always ready for immediate shipment. 


; 


Amoeba Para Euglena — Stentor 


@ OUR HUNDRED-ACRE BIOLOGY FARM, our ponds, 
pools and springs are devoted to the growth and 
production of abundant and virile plant and animal life. 


WE GUARANTEE SAFE ARRIVAL OF ALL 
LIVING MATERIALS 


Order your living materials for class use NOW from— 


CAROLINA BIOLOGICAL 
SUPPLY COMPANY 


ELON COLLEGE, NORTH CAROLINA 


Write Dept. G-2 for free information 


PUBLISHERS 


TEXTBOOK 
WORKBOOK 
LAB MANUAL 


in one completely 
new 1957 Worktext 


BIOLOGY 


THE SCIENCE OF LIFE 


By Addison E. Lee 


Makes biology more interesting, more 


informative, and easier to teach 


Austin, Texas 
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Concentrated Media for the 
Culture of Protozoans and Algae 


Turtox Concentrated Media for the culture of many protozoans, ciliates, and algae 
are now available. These concentrates are easy to use; when added to the indicated 
amount of distilled water, each group of units makes approximately one liter of grow- 
ing medium. The use of the “Universal” concentrate (below) enables any teacher to 
grow and maintain permanent pure-line cultures, including pure cultures of such diffi- 
cult forms as Yolvox and Pandorina. 
61V170 Turtox “Universal” Concentrated Algae Medium. Especially formulated to 

grow Volvox, Eudorian, Pandorina, Chlamydomonas, Spirogyra, Zygnema, etc. 

Set A: Consists of four units and makes one liter of growing medium in distilled water. 


Set of four units (distilled water is not included)___.___.-_-_-»_-______ $3.00 
Set B: Consists of four units and makes five liters of growing medium in distilled water. 
Set of four units (distilled water is not included)___-_-____-_-_-_-_-_>» 7.75 


61V176 Turtox Concentrate for Paramecium multicronucleatum and P. caudatum. 
Makes 1500 ce. of growing medium in distilled water. Set of three units (distilled 
61V177 Turtox Concentrate for Paramecium aurelia and P. trichium. 
Makes 1500 ee. of growing medium in distilled water. Set of three units (distilled 


61V178 Concentrate for Paramecium bursaria. Each vial makes 300 ec. of growing 
medium in distilled water. Per vial (distilled water not included)____________ 1.75 
Set of two vials (distilled water not included)_.._.______________________ 2.75 
61V179 Dehydrate for Euglena. Makes 2000 cc. of growing medium in distilled water. 
set of three units (distilled water is not included)__________________________ 1.50 


GENERAL BIOLOGICAL SuPPLY HOUSE 


Incorporated 


8200 South Hoyne Avenue, Chicago 20, Illinois 
The Sign of the Turtox Pledges Absolute Satisfaction 


BIOC AST: new “learn-by-doing"” tech- 

nique for stimulating teaching. 
At negligible cost, each student can cast and paint from 
the flexible plastic mold provided, his own plaster model 
of important biological subjects, and in so doing learn the 
detailed structural features involved—a perfect technique 


from every pedagogical point of view. The subject molds are 
as follows: 


Human Torso Jaw Frog, dissected 
Head Tooth Frog Brain 

Heart Reflex Arc Frog Development 
Eyeball Embryo, human Mitosis 

Brain Cell Structure Fore-limbs 

Skin Amoeba Leaf Structure 
Digest Sys. Paramoecium Stem, terminal 
Villus Hydra Root Tip 

Urinary App. Earthworm Flower Structure 
Kidney Crayfish Seeds (Corn, Bean) 


No major expenditure involved in trying 
out one or more of these molds. 


PRICES 


PLASTIC MOLDS, with complete casting and color 
directions, size of casts 44%” x 3%” to 644” x 4”, ea. 6.00 


Ask for new Cat. No. 7M 


Est. 1919 


NEW YORK SCIENTIFIC SUPPLY CO. 


28 West 30th Street, New York |, N. Y. 


SAMPLE COLORED MODELS, each__----~----- 4.50 to 6.50 | 
BIOCAST KIT. Incl. mold (your choice), and sample 

colored model, plaster, colors, brush, shellac, etc., 

BIOCAST KIT. Same, but without sample model, 
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BIOCRAFT 


MODELS 


DENOYER -GEPPERT 


SLIDES 
MOUNTS COMPANY 
SPECIMENS 5241 RAVENSWOOD AVENUE HICAGO 4 LLINOIS 


The models mentioned above are made of unbreakable plastic. They are 
truly permanent teaching equipment, as are the charts we offer in durable 
mountings. Denoyer-Geppert Company specializes in visual teaching mate- 
rials that can be expected to do their job of effective visual presentation fo) 
many years. In spite of the extra durability advantage, prices are reasonable. 
Write for Catalog S57B if you dowt have it. 
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TURTOX 
BOTANICAL TYPE COLLECTIONS 
AND LIFE HISTORY SETS 


The Turtox Unmounted Sets are life histories or type collections of perfect, care- 
fully selected specimens, preserved in liquid (in most cases), and housed (in most 
cases) in glass containers. The majority of them are furnished in wide-mouthed glass 
jars with metal caps. When more than one container is used, this fact is indicated in 
the description. 


The smaller schools can afford adequate collections of these reasonably priced 
preparations and the larger institutions will find them as dependable as they are 
economical. 


1M8 Slime Molds Types. In five containers. Set $3.00 
2M232 Spirogyra Types. In four containers. Set = 
2M2325 Spirogyra Conjugation Types. Set of three 
2M327 Fucus Life History. Each 
2M345 Brown Algae Types. In four containers saidhiastiniensadiacimamaieaah 1.5 
2M455 Red Algae Types. In nine 
2M2465 Fresh-Water Algae Types. In six containers. Set 1.78 
3M220 Claviceps Life History. Each 
3M55 Fungi Types A. In nine containers 
3M56 Fungi Types B. In twenty containers 
3M3235 Wheat Rust Life History. Each 
Lichen Types. In five containers. Set a 
5M122 Pellia Life History. Each 
5M135 Marchantia Life History. Each 
5M175 Conocephalus Life History. Each 
5MIS&5S Liverwort Types. In six containers. Set ay si 1.85 
5M225 Moss (Polytrichum) Life History. Each 
5M234 Mnium Life History. Fach 
5M253 Sphagnum Life Histery. Each aigutiel 

5M295 Moss Types. In five containers. Set nacideadiae 2 
5M297 Moss Sporophyte Types. In fifteen containers ‘ f 4.25 
6M195 Fern Life History. Each ~~ 1.2: 
6M196 Fern Types. In eight containers Gatine ia 4. 
6M245 Pteridophyte Types. In eight containers. Set 
6M1656 Fruiting Fern Fronds. Six in one container. Set ; ee 1 


6M2422 Equisetum Life History. Each 
7M145 Larch-Life History. Each ; 
7M235 Juniper Life History. Fach 


7M345 Pine Life History. Pach 
7M375 Podocarpus Life History 

7M435 Zamia Life Histery. Fach 

7M535 Ginkgo Life History. Fach 

7M635 Ephedra Life History. Each 

Plant Reproduction Collection. In seven containers 3 

RM54 Fruit Types Set A. In 12 containers. Per set : 7.25 
8M55 Fruit Types Set B. In nine containers. Per set 3 

SM56 Seed Types. Fach F 

SM58 Grass Types. In ten containers 2. 

8M60 Epiphyte Types. In four containers. Per set 2 

SM65 Parasite Type’. In three containers. Per set 

SM9I Citrus Fruit Life History. Each 

SM145 Insectivorovs Plants Set. Four Types. Per Set 


8M165 Poisen Ivy Life History. Each 
Ragweed Life History. Each 
8M339 Stem Types. In 10 containers. Set 


8M371 Leaf Types. In twelve containers 

8M373 Wood Cell Types. In two containers 

SM451 Flower Types Set B. In eight containers. Per set 

Plant Survey Collection. In nine containers 


8M1195 Seedling Types. In seven containers. Set 
8M5267 Mangrove Life Hi-tory. Fach 
8M32759 Casuarina Life History. Each 


oh o 


GENERAL BIOLOGICAL SuPPLY HousE 
TURTOX'TR UCTS OGICAL | 


Za 8200 South Hoyne Avenue, Chicago 20, Illinois 
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& The Sign of the Turtox Pledges Absolute Satisfaction 
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SYNTHETIC 


No. ZK400 
No. ZK400. SKELETON, Human 
Model, Adult, Plain. Furnished with 
stand, plastic cover and key card dia- 
gram. Each $212.00 


No. ZK402. SKELETON, Human 
Model, Adult, Painted. The muscular 
origins are painted in red and the 
muscular insertions in blue. The var- 
ious muscles are marked and labeled 
on one side. The skeleton is complete, 
with stand, plastic cover and illus- 


trated key card. Each $278.00 


Welch 


Full-Size and Miniature 


SKELETON MODELS 


Produced by 
skilled craftsmen 
under competent 
medical guidance 


Durable 
Washable 
Accurately Scaled 


Synthetic bone 
preferable to the 
genuine for all 
general purposes 


Economical 
Even the smallest 
school can have a 

skeleton model 
in the science 
department 


No. 


ZK500 


Miniature Skeleton Model 
Only 26 Inches Tall 


MINIATURE SKELETON, Painted. 


No. ZK500. 
The muscular 
the muscular 
of the skeleton. 
plastic cover, and 


painted in blue, and 
red on one side 
wooden case, 


origins are 
insertions are in 
Complete, with 
illustrated key card. 

Each $137.00 
No. ZK510. MINIATURE SKELETON. The 
skeleton is the same as ZK500, but the muscular 
origins and insertions are not painted. Many 
teachers prefer to paint the muscular insertions 
and origins themselves and the surfaces of these 
skeletons readily accept paint. Complete with 
attractive wooden case, illustrated key card, and 


Each $115.00 


plastic cover. 


Write for Complete Circular 


W. M. Welch Scientific Company 


DIVISION OF W. M. WELCH MANUFACTURING COMPANY 


1515 Sedgwick Street, Dept. F 


Established 


1880 


Manufacturers of Scientific Instruments and Laboratory 


Chicago 10, Illinois, U. S. 
Apparatus 


i 4 = 
. 


Hee 
: 
= 
Ge 
> 
= 
: 
ae 
q 
: 
as 


